The International Obesity Taskforce (IOTF) recommends using age-and gender-specific body mass index (BMI) cut-points for defining the prevalence of overweight and obesity in children. These are given in both 6-and 12-month age intervals. Since the BMI-for-age curves are nonlinear, a degree of bias will be introduced when age intervals are wide. We aimed to quantify this bias in prevalence estimates in 2178 Australian children aged 4-12 years using 12-versus 6-month age intervals. Using the 12-month interval, the prevalence of overweight and obesity was underestimated by 1.4% compared to the 6-month interval estimates; however, this was age-dependent. It overestimated prevalence for 4-year olds, but underestimated it for older ages by up to 2.6%. Overweight prevalence was generally affected more than obesity prevalence. The use of different age intervals for IOTF cut-points introduces a small but systematic bias in prevalence estimates of overweight and obesity.
Introduction
The body mass index (BMI) is the most practical and widely used method for identifying overweight and obesity in children and adolescents. For the purpose of international prevalence comparisons, the International Obesity Taskforce (IOTF) recommends that the BMI cut-points of Cole et al. 1 be used. These were derived by taking the BMI cut-points of 25 and 30 kg/m 2 at age 18 years and extrapolating these along the equivalent BMI-for-age centile lines in a multinational data set of children aged 6-18 years. Cole et al. 1 provide a table of cut-points by gender and age in 6-month intervals. For epidemiological studies where the age data are only available in 1-year intervals, they propose that the cut-point for the mid-year value will give 'an essentially unbiased estimate of (the) prevalence' (Cole et al., 1 p. 5). Given the nonlinear nature of the BMI centile curves and the linear nature of this solution where age is only available in 1-year widths, we set out to test this assumption and quantify any bias that may exist.
Materials and methods
The data were from a representative sample of kindergarten and primary school children aged 4-12 years in the Barwon-South Western region of Victoria (n ¼ 2178). Half were the baseline data from a whole-of-community intervention project in a town that aims to improve health eating and physical activity and reduce the prevalence of overweight and obesity in this age group and the other half were from the comparison group. Written consent was obtained from parents (or guardians) and ethics approval was given by the Deakin University Human Research Ethics Committee. Height and weight were measured by trained researchers in accordance with standard methods for the collection of anthropometric data in children. 2 All measures were taken in light clothing and without shoes. Weight was measured to the nearest 0.05 kg using electronic scales (A&D Personal Precision Scale UC-321) and height was measured to the nearest 0.1 cm using a portable stadiometer (PE87 portable stadiometer). Age was calculated in months based on the date of the survey relative to date of birth. BMI ¼ weight (kg)/ height (m) 2 was computed and children categorized as 'healthy weight', 'overweight' or 'obese' using mid-year cut-points (12-month age intervals) only and all cut-points (6-month age intervals) as specified by Cole et al. 1 The percentage of children falling into each of the three categories was then computed on the basis of the categorization determined by both sets of cut-points. For example, for boys aged 4.0-4.9 years, we used the 4.5-year cut-point for overweight (17.47 kg/m 2 ) for the 12-month age interval estimates, but for the 6-month age interval estimates, we used both the 4.5 and 4.0 years (17.55 kg/m 2 ) as appropriate. These percentages were then compared, the difference being considered 'bias'.
Results
The percentage of children falling into the 'healthy weight', 'overweight' and 'obese' categories were 71.9, 19.8 and 8.3% using 6-month age intervals and 73.3, 19.1 and 7.6% using the 12-month age intervals (Table 1) . Overall overweight and obesity prevalence was underestimated by 1.4% when the 12-month age intervals were used. Variation in the magnitude of bias was observed with age but not gender (see Table 1 ). Figure 1 shows this variation in bias observed across the age groups. Using the 12-month age intervals cut-points produced a 1% higher prevalence of overweight-obesity prevalence at 4 years of age compared to using 6-month age intervals. For 5-year olds, the two sets of cut-points yielded a similar percentage of overweight and obese children. When older age groups were also considered, a crossover effect was observed where the prevalence of overweight and obesity was lower when 12-month age intervals were used. In this sample, the bias was largest for children aged 7 years of age, where it was 2.6%. For most age groups, the bias was greater for overweight prevalence than obesity prevalence. In other words, it resulted in more children shifting between the healthy weight and overweight categories than between the overweight and obese categories. This was expected given the distribution of BMI at a given age. The crossover effect was only observed for overweight prevalence. There was a small but consistent underestimation of obesity when 12-month intervals were used (see Table 1 ).
Discussion
From 2 years of age, where the IOTF cut-points begin, the BMI-for-age centile curves are J-shaped and curvilinear within most single year age categories. Thus, a small but systematic bias is introduced for prevalence estimates when using age intervals as wide as 12 months. This is because when fewer cut-points are used, there is a greater dependence on an assumption of linearity. This led to an overestimation of overweight and obesity prevalence in 4-year olds where the BMI-for-age curves are decreasing, no bias in 5-year olds (where the nadir of the centile curves occurs and the assumption of linearity holds) and an underestimation in children aged 6-12 years where they increase nonlinearly. This bias will be introduced when studies compare prevalence values that have been calculated using some 4 -4.9 5 -5.9 6 -6.9 7 -7.9 8 -8.9 9 -9.9 10 -10.9 11 -11.9 12 -12.9 all ages
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Prevalence difference (% overweight+obesity) Figure 1 Difference (percentage points) in prevalence of overweight plus obesity determined by subtracting the prevalence estimates using the 6-month age intervals from estimates using the 12-month age intervals for children 4-12 years.
IOTF intervals and prevalence of overweight and obesity PJ Kremer et al versus all of the cut-points provided. The overall magnitude of the bias will vary depending on the age range of the population being surveyed. Epidemiologists should be aware of this bias and conduct comparisons of childhood overweight and obesity prevalence that use the same cut-points. Reporting which method was used to define prevalence and recording age to the nearest 6 months will facilitate this.
